Motivated by the recent LHCb measurements onB s → π − K * + andB s → K ± K * ∓ decay modes, we revisit the B s → P V decays within QCD factorization framework. The effects of hard-spectator scattering and annihilation corrections are studied in detail. After performing a χ 2 -fit on the end-
I. INTRODUCTION
In the past years, many experimental efforts have devoted to precisely measuring nonleptonic two-body B meson decays, which provide a fertile ground to explore the underling mechanism of hadron weak decays. 
with the total significances of 7.8σ and 3.4σ, respectively. They are the first measurements ofB 0 s meson decays to charmless P V final states, where P and V denote the lightest pseudoscalar and vector SU (3) meson, respectively.
Theoretically, based on the QCD factorization (QCDF) approach [2] , the perturbative QCD (pQCD) approach [3] and the soft-collinear effective theory (SCET) [4] , the latest predictions of such two quantities read (in the units of 10 
1 In Eqs. (3) and (4), the numerical results of
It is obvious that (1) For the branching ratio B(B to examine carefully whether the disagreement could be accommodated within the standard model. In this paper, the effects of weak annihilation (WA) and hard spectator scattering (HSS) corrections inB 0 s → P V decays are studied in detail within the QCDF framework. Our paper is organized as follows. After a brief review of WA and HSS corrections in QCDF approach and recent researches in section II, we present our numerical analyses and discussions in section III. Our main conclusions are summarized in section IV.
II. HSS AND WA CORRECTIONS IN THE QCDF APPROACH
Combining the hard-scattering approach [8] with the power countering rules in the heavy quark limit m b Λ QCD , M. Beneke et al. developed the QCDF approach to deal with the hadronic matrix elements for the B meson decays based on the collinear factorization scheme and colour transparency hypothesis [2, 9] . Up to power corrections of order Λ QCD /m b , the factorization formula for B decaying into two light meson can be written as When the chirally enhanced corrections to HHS amplitudes are estimated with the second line of QCDF formula Eq.(6), the twist-3 contributions involve the logarithmically divergent
where the asymptotic forms of the twist-3 distribution amplitudes Φ p,v M (t) = 1 are employed. It is assumed that the endpoint singularity in Eq. (7) contains many poorly known soft contributions and hence unfortunately does not admit a perturbative treatment within the QCDF framework. For an estimate, the divergent integral X H is phenomenologically parameterized as [9] 
with Λ h = 0.5 GeV.
Moreover, it is found that although the WA amplitudes are power suppressed in the heavy quark limit and hence disappear from Eq.(6), they are very important in practical application of the QCDF approach to nonleptonic B decays, especially for the pure annihilation processes, such as B d → K + K − and B s → π + π − decays which have been observed experimentally [10] [11] [12] . The WA amplitudes are expressed in the terms of convolutions of "hard scattering" kernels with light cone wave functions to estimate the importance of annihilation contributions within the QCDF framework. A worse problem is that there is endpoint singularities even with twist-2 light cone distribution amplitudes. Similar to the case of the twist-3 hard scattering contributions parameterized by X H in Eq. (7), another phenomenological quantity X A are introduced to parameterize the WA divergent endpoint integrals, i.e.
One cannot get any information on parameters ρ H,A and φ H,A from the QCDF approach.
Because that the hard scattering terms arise first at order α s and that the annihilation contributions are power suppressed, it is conservatively assumed that ρ A,H ≤ 1 because too large value will give rise to numerically enhanced subleading contributions and put a question to different types of final states P P , P V , V P and V V are introduced in phenomenological investigation. And it is traditionally assumed that X A = X H and they were universal for each decay types, which have been thoroughly discussed in Refs. [5, 9, 13, 14] .
Motivated by recent measurements on pure annihilationB
LHCb collaborations [11, 12] , many more detailed studies on HSS and WA contributions are performed, for instance, by Refs. [15] [16] [17] [18] [19] , and some interesting findings are presented.
In Ref. [18] , the universality assumption of WA parameters is carefully tested, and some tensions in B → πK, φK * decay modes with the standard model are presented. In Refs.
[ 19, 20] , a "new treatment" is proposed that complex parameters X i A and X f A coppresonding to WA topologies with gluon emission from initial and final states, respectively, should be treated independently and that the flavor dependence of X i A,H should be carefully considered. Following such "new treatment" of Refs. [19, 20] , with available data of B u,d,s → P P decays, comprehensive statistical χ 2 analyses on parameters X i,f A and X H are performed in our previous works [21, 22] . The findings could be briefly summarized as that: (1) 
III. NUMERICAL RESULTS AND DISCUSSION
In the QCDF framework, the explicit expressions of the decay amplitudes and relevant formula of B s → P V decays have been given in Ref. [9] . In this paper, the CP -averaged branching fractions and CP asymmetries ofB 0 s → πK * , ρK, ρπ, KK * , φπ and φK decay modes are evaluated. The same definition for these observables as HFAG [23] are taken.
The values of input parameters used in our calculations and analyses are summarized in Table I . In addition, in evaluating the CP asymmetry parameters C ff , S ff , ∆C ff , ∆S ff 
, (1) and (2), the 2 The decay modeB allowed spaces of the WA parameters at 68% C.L. are shown in Fig.1 . The fitted results for B u,d → P V decays [24] are also redisplayed for comparison. From Fig.1(a) , it is found that the allowed space of (ρ → π − K * + decay, its branching fraction is very sensitive to the HSS contributions related to (ρ H , φ H ) rather than the WA ones, as Fig.2(a) shows. So, the fitted result (red points)
in Fig.1(a) in fact almost refers to the constraints on (
Similarly, for the penguin-dominatedB 0 s → K ± K * ∓ decay, its branching fraction is very sensitive to the factorizable WA contributions related to (ρ f A , φ f A ) rather than others as Fig.2(b) shows. As a result, the fitting result (red points) in Fig.1(b) is mainly due to the constraints from B(B 0 s → K ± K * ∓ ). It is expected that the future refined measurements on WA and HSS corrections, respectively.
Based on above analyses, in order to get the theoretical predictions for B s → P V decays, we assume that the endpoint parameters are universal for B u,d,s → P V decays, and so we take
gotten from B u,d → P V decays [24] as inputs. Now, we present the theoretical results for the observables of B s → P V decays in Tables II, III and IV, in which the previous results in QCDF framework and in flavor symmetry (FS) framework are also summarized for comparison. It could be found that most of our predictions agree with the other theoretical results except for few tensions, which will be discussed in detail below.
For the (color-suppressed) tree dominatedB s → πK * and ρK decays, we find that: (1) even though our prediction for the branching fraction of observedB s → π − K * + decay agrees with experimental data given in Eq. (2) due to large theoretical uncertainties and experimental errors, the default value is still about twice larger than experimental central data.
In fact, as noted in Ref. [31] , all current theoretical results have such similar situation, even 
The CP asymmetry parameters (in units of 10 −2 ) ofB 0 s → K ± K * ∓ , π ± ρ ∓ , and
The unavailable results are not listed. The other captions are the same as Table II .
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is larger than the results of "Cheng" [5] and "S4" [9] , but much smaller than the one of "FS" [31] where a large color-suppressed amplitude C V have similiar magnitude to, even larger than in Scheme C, the color-favored tree amplitude T V .
The color-suppressed tree and electroweak penguin dominatedB s → π 0 φ decay is an important and interesting decay mode for exploring the HSS corrections, due to the fact that its amplitude,
is sensitive to α 2 related to possible large HSS corrections and irrelevant to the interference induced by WA corrections. Moreover, it plays an important role to judge the two direct ways through α 2 or α 3,EW respectively to resolve the so-called "πK CP puzzle" [32, 33] .
From Tables II and III , it is found that our results for observables ofB s → π 0 φ decay, especially the mixing-induced CP asymmetry, are more or less different from the other ones. To clarify the reason, we present the dependence of observables on φ H with different values of ρ H in Fig. 3 . It is found that the branching fraction is always about O(10 −7 ), and hardly to be enhanced to O(10 −6 ) level (predicted by "FS" [31] ) by HSS corrections as Fig.3(a) shows. From Fig.3(b) , it can be seen that the direct CP asymmetry is much more sensitive to φ H than the other observables, and so very suitable for exploring the possible strong phase in HSS. For A mix CP (B s → π 0 φ), one may note from Table III that our prediction, even its sign, is significantly different from the others, which is an interesting finding and could be understood by the following reason. From Eq.(11), it can be found that whether α 2 related to CKM factor V ub V * us or α 3,EW related to V cb V * cs (the part related to V ub V * us is negligible) dominates amplitude AB s→π 0 φ is crucial for evaluating the mixing-induced CP asymmetry. As a result, as Fig.3(c) theoretically. So these decay modes are hardly to be measured very soon and possibly hard to provide useful information for the WA strong phases.
IV. SUMMARY
In summary, motivated by recent LHCb measurements onB s → π − K * + andB s → K ± K * ∓ decays, we revisit theB s → P V decays within the QCD factorization framework, and analysis the effects of HSS and WA corrections related to end-point parameters in detail.
Our main findings and conclusions could be summarized as follows:
• By χ 2 fitting, it is found that the WA parameters inB s → P V decays could not be well Tables II, III and IV, which will be tested in the near future.
• For the branching fractions of observedB s → π − K * + and K ± K * ∓ decays, even though the current theoretical results agree with each other and are consistent with data within errors, their default results are significantly much larger than the central values of data.
The refined measurements on such two observables will perform strong constraints on (ρ H , φ H ) and (ρ f A , φ f A ), respectively, and further to check such possible mismatches.
• A detailed analysis for the other observables and decays modes are perform, and some interesting findings are presented in text. Especially, for instance, without the interference induced by annihilation corrections,B s → π 0 φ decay plays an important role to exploring the HSS contributions, where the size and strong phase could be clearly determined by direct and mixing-induced CP asymmetries, respectively. In addition, the pure annihilationB s → πρ decays will be suitable for probing the WA contributions, although their branching ratios are very small.
Moreover, more B s meson decay modes are urgently expected to be measured soon by
LHCb and upgrading Belle II in the near future, which will exhibit exact picture of WA and HSS contributions in B s decays.
